Protein extracts from anthers of Tulipa cv. Apeldoorn catalyze the degradation of ferulic acid sucrose esters. Different products are generated when triferuloyl sucrose (TFS) and diferuloyl sucrose (DFS) were applied as substrates. By the aid of reversed-phase HPLC, TLC and spectroscopy the products could be identified as free ferulic acid, monoferuloyl sucrose ester [feruloylsucrose(mono)] and two different diesters of ferulic acid and sucrose [feruloylsucrose(di) and the endogenously occurring diferuloylsucrose (DFS)]. By means of protein fractionation (chromatofocusing, anion exchange HPLC and molecular sieving HPLC), four different enzyme activities involved in the degradation process could be separated. According to their catalytic properties, they were characterized as esterases (= EA).
Introduction
Esterases isolated from plant sources are often classified on the basis of their preferred substrates. Due to the various acyl moieties of artificial substrates, like a-naphthylacetate and due to different inhibitors used, the esterases were characterized as
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Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0341 -0382/88/0900-0625 $01.30/0 acylesterases, carboxylesterases, arylesterases and acetylesterases [1] [2] [3] [4] [5] . These enzymes are considered to be relatively nonspecific because natural substrates have not been defined. In most cases, the physiological functions of these esterases are obscure. As far as plant esterases are concerned, there are only a few reports upon the occurrence of esterases with a definite specificity towards natural endogenous substrates [6] [7] [8] [9] . [10] . These ferulic acid sucrose esters appear during the early stages of pollen differentiation and disappear during the later stages of pollen ripening. This "turn over" indicates that they are metabolically active compounds [11] . Therefore, the existence of highly specific esterases involved in the metabolism of DFS and TFS must be postulated. Results presented in this paper verify previous studies on the occurrence of different enzyme activities hydrolyzing DFS and TFS, and demonstrate for the first time that these esterases exhibit an extremely high specificity towards sucrose esters with ferulic acid as acyl moiety.
Previous studies on the metabolism of hydroxycinnamic acid conjugates in anthers of Tulipa cv. Apeldoorn have shown that protein preparations from anthers exhibit esterase activities hydrolyzing tri-[TFS] and diferuloylsucrose [DFS]

Material and Methods
Plant material
Tulip bulbs (cv. Apeldoorn), purchased from Nebelung (Münster, F.R.G.), were cultivated in the Botanical Garden of the University of Münster. Anthers of early stages of pollen differentiation were used as enzyme source.
Enzyme preparation
The procedure of enzyme preparation, the buffer composition and the methods of protein fractionation (high performance molecular sieving (Bio-Sil TSK), high performance anion exchange chromatography (Bio-Gel TSK), chromatofocusing (PBE 94) are described elsewhere [12] . As for molecular sieving, HPLC fractions of 0.5 ml were collected.
HPLC-columns were achieved from Bio-Rad (Mün-chen, F.R.G.).
Substrates
To determine the substrate specificity the following naturally occurring hydroxycinnamic acid esters were used: 
TLC:
TLC was carried out as described elsewhere [10] . 
Identification of reaction products
Results
Identification of the reaction products formed by the esterase activities
When crude protein extracts of young anthers desalted by Sephadex G 25 were incubated with TFS and DFS as substrates, different products were found on HPLC diagrams (Fig. 1, A-E (Table I) . Whenever DFS was produced in assays with TFS as substrate and a crude protein preparation, this ester appears in form of several peaks in the HPLC diagrams (Fig. 1, product D) . Using a partial purified enzyme preparation obtained by chromatofocusing, DFS could be eluted as a single peak with a characteristic isomer (see Fig. 5 ). Obviously the crude en- see Fig. 1 see Fig. 1 see Fig. 1 see Fig. 1 see Fig. 1 see Fig. 1 see 
The substrate specificity of EA I and EA II
A partially purified enzyme preparation obtained after chromatofocusing was used to elucidate the substrate specificity. EA I as well as EA II were shown to be unable to hydrolyze diverse glucose-and CoA-esters of hydroxycinnamic acids, chlorogenic acid, BGM and a-and ß-naphthylacetate. The data summarized in Fig. 3 an endogenously occurring product. Other sucrose esters tested do not function as substrates. EA I hydrolyzes the genuine plant esters TFS and DFS, respectively and SFS (Fig. 3) . In the case of SFS only ferulic acid was detectable as an enzymatically formed hydroxycinnamic acid, so that the monoester generated as the second product must represent the monosinapoylsucrose (Figs. 2, 3, F) . Analogous to these arguments for product A generated after degradation of DFS by EA I (Fig. 4) , a structure is proposed as shown in Fig. 3 .
TFS hydrolyzed by EA I leads to the formation of a diferulic acid sucrose ester (E), which differs clearly in the chromatographic properties from DFS (see Fig. 5 ). The splitting of the sucrose of this compound does not produce two monoferulic esters (compare the structure with TFS, Fig. 3) . Thus, for substance E, the structure shown in Fig. 3 has to 
